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Abmtract

UOinS the cosmic ray shadcwc of the sun and moon, we have eetirrmted th~
.MWUIaCresolution Or the CYGNUS extensive aiz shower array. With the event
sample now ●vailable we estirrmte the Mcular resolution of the uray to be 0.70~~ ~~
degrees. Thr resolution depends on the total number of detected shower particles.
A new pararneterisation of the mmeured shower-front tirniq structure and the
ume of countc. s with small pdse ueu lead to a --2s70improvement in the angular
resolution. The systematic pointing error of the array ix Ieae than 0.4”.

1. INTllODUCa!N.

Searches for astrophys~crd point sources of ultra-high energy (Ir II E) gamma radiation

must cope with a large background of cosmic roys. Rqjcction of thisbackground may

be accomplished by selecting events baaed on nhower properties (i.e. muon content)

and/or by improving the ●ngular rcaolution of tire detector. The minimum detectable

gamma-rrny flux ia proportional to the angular resolution.

In this paper the mnguihr reardution is defined aa the stsndsrd deviation of a sym.

metric, ~-dimensicmd Chmrmm point-spread fun-. iion. Ii ix weii known that a round

bin with ● radius of 1.58 times the angular reaoiution of the detector muimiscs the

significance of a signal for ● iarge numbc* of events. An ●nguiar bin that u larger or

smmller than this tends to iower the significance of any signal.

Using th,’ cosmic ray shariown of the sun nnd the moon it is pwnibie to meaernre the

anguiar remiution of ● n extensive air ~hower army (Ciark lWi7). We have previously

reported a mmsuyemcnt of the nnguiar resoiutiorr of the CYCNIJS ●rray using this

tmhnique (Aiexandrcaa. et al. lWlm). lirre we prment -n updated analysis of tile

anguimr rem}iutiorr using ● larger event ●arnpie. We examn,e ~he dependence of the

nn~ulnr rmoiution on individual air-ahowcr characteristics. [n addition wc dernonstrntc

that a n~w parnmctmisrntion of the nhape of the mhrwer front a- umpied hy the detector

and the uIe of countel~ with smali puhe arena Id to a --:5% improvement in the

arrguiar rmmiution.



2. THE-GNUS EXPERIMENT

The CYGNUS air shower array, located in LoE Alamos New Mexico, has been de-

scribed elsewhere (Alexandrem, et al. 1992). Thh paper describes the analysis of -300

million events taken between 1986 April and 1992 September. The CYGNUS- I array

currenlly consists of 108 scini~ation detectors deployed over 22,000 ml. The event

rate u -3, s HI. For showerrr initiated by protons the most probable primary energy

and the median primary energy detected by the array in its present configuration are

approximately 50 Tel’ and 100 TeV, respectively,
This analysio makes use of -250,000 events with arrival directions within -.5° of the

center of the sun or moon.

3. ANGULAR RESO~UTION ESTIMATES

We have used the maximum likelihood method to estimate the angular resolution.

We mrsume that the resolution function in a 2-dimensional Gaussian diatributirm with a

constant standard deviation u,. This h used to compute the normalized probability of

an event as a function of angular distance from the center of the sun or moon. The like-

lihood in the product of all the event probabilities and is computed numerically for many

trial a, ‘n. See Alexandreaa et al. 1991a, b for a more detailed explanation of the proce-

dure. We determine that the angular resolution of the array (a. ) in 0.70~~:”~ degrees.

This in smaller than (but consistent with) our previously reported reoult (Alexandreaa,

et al. 1991a).

By estimating u, for various subsets of the sun and moon data mt, we have de-

termined that u, is a strong function of PSurn, the total number of detected particlea

(Figure I) in the event. The pulse area measured in each detector has been normalised

to that of a minimum-ionising, through-going particle. The dependence of e, mr PSrLrn

WM not evident in our emrlier results due to an error in our Bun and moon position

programs.

48 ESTIMATION_Q F SYSTEMATIC POI.N.TING E RE?XI!M
We have determined the extent of posnible syutcmatic pointing errors by performing

a maximum likelihood fit LOthe position of the sun and moon nhadown in right aaccnsion

(a) nnrl declination (d). Analysb of the complete dnts set yields m combined ~hadcrw
position oflsetfrom the true Iocationn of the sun and m,}on of -0.09 + 0.10 degr~ in

a and 0.06 + 0.15 degrem in 6. ‘rhcreforc, the syrnternatic pointinK error of the array is

<0.4° ●t the 90% C. L..

s, IMPROVED ANGL.E FITTING METI!..Q.P.S
Ihed on ● n examination of the mcnsurcd time residuals with respect to the fit-

ted shower plane, and on Monte Carlo simulmiiont, we have determined m improved

procedure for fitting the shower direction (Uiller 1u92). Thu procedure ] ) U- ● new

functional form to correct the relative nrrival times in each counter for the curvature of

the shower front, 2) weightrn each counter in the directional flt ucording to the ●pparent

width of the ●howcr front u sampled by the ncintill~tion detectors, ●nd 3) usa count~ro

in the directional tltc with pulse arcM corrcnpond]rrg to ?O. s particles.

Applying thb new procedure to the nun and moon data, ● 25% improvenmnt in U, in

found [Figure 1 and Table 1). This improvrmerrt is aho irrdic=icd hy othm techniqncm

that are uacd to cfitimate the angular rcsulutiorr. For exampic, the full array of counters

is dirided into two interleaved sul>artny - thnt are used to independently fit tbe direction

of euh mhower. The -pace angle di~crencc, Ao, between the two directional fltm u
then computed (A]cxandrcm, et al, 1992). ‘~hc median of the distlit)ution of AO’c

is proportion~ to a,. Thr rncdimn Vrd IIm I)f the distributions of At’s Iimtcd in ‘1’nblr

I aluo indicnic ● --25% improvrmrnt In nrr~ular rrwolution compmr~d to our oriKinal

fitlin~ nl~t)rithnl. A drtaiiml Mllntr ( ‘nrl,) ~lnlulnti{)n O( the d-tect~}r niso nupportm thir

conclusion

W? rslin]~lc t.hnt appro~irnatrly bmlf i,f tbr illlprt~vcmrnt in fr,)m theusc oraddltional

ct)untrrc with pulse arrm ct)rrmptlu(iing to lwtwe~n 0.G ●nd 1,0 drtmied pmticle. ‘1’hr

rcmnintlrr ,Jf thr irllpr,)vrm~nt nrinrt from !.hc nrw lmramrtrrinati,~n t)f the ~hnpe of th



sh~wer-front timing structure.

The significance of the combined sun and moon shadows (see Alexandreaa, et al.

1991b) increases from 7. lU to 8.9LI using the new parametcrizationrr. When a param-

eterisation of the dependence of ar on PSurrr (Figure 1) is applied, the significance

increases to 10.5c74

6. CONCLUS1ONS—..——
Using the shadows of the sun and the moon we have mcsaured the angular .csolution

of the CYGNUS array to be 0.7”. This resolution is smaller (and better determined)

thrm that previously merraured with a smaller event sample. Therefore we have reduced

the sise of the angular bins used in scarche~ for point sources of UHE gamma radiation

(AlexandreM et al. 1993). In addition we hJve arrived at a new parametertiation of
the measured shower-front timing structure. This parameterisation in conjunction with

the use of counters with small pulse areaa in the direction finding algorithm yie!ds a

--25~o improvement in angular resolution. We are in the process of incorporating this

improvement in our analysis procedures.
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fible 1. Comparison of the nrrgulnr rrsolutiorrn derived from the ghndowa of thr sun

and moon using the old and the ncw l)arnlrlrtcri~ntitlno o{ the mmaured mhowerfr(~rrt

timing ●tructuce, N,,,, in the minimum rt)unttr signrd usvd in the fit, P.$um is the Rnm

ofcountcr signals, nnd At is the flpmcv mngie diffrr~nce tmtwrwn two sub-arrnyn (14r’@trxl

fol cxihnnnlion).



1.0

0.8

0.8

0.4

Q.2

1 I 1 I r , , 1

1
, I 1 I

I 1 1 , 1

I 1 1 r 1 -1

d.o , , , , l——--J---J-A_JA-A_J
o 100 200 300 400 500

‘fotd Number Of Detected particles

F’igurc Y: The angulsr resolution M ● function of PSum. The X’c (dknouds) correepoad
to the old (new) parmnet,erisation of the shower-front timing structure,


